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(54) MULTILAYERED4-METHYL-1-PENTENE COPOLYMER FILM AND PROCESS FOR 
PRODUCING THE SAME 



(57) The 4-methyl-1 -pentene copolymer multi-layer 
film according to the present invention Is a three-layer 
laminate or a five-layer laminate, which comprises a lay- 
er (A) comprising 4-methyl-1 -pentene, a layer (B) com- 
prising polypropylene or polyethylene, and optionally, a 
layer (C) comprising an adhesive resin, said layer (A) 
being provided on each surface of the layer (B) In the 
three-layer laminate or being provided on each surface 
of the layer (B) through the layer (C) in the five-layer 
laminate, and this multi-layer film is uniaxially stretched 
in a stretch ratio of not less than 2 times or biaxially ori- 
ented in a stretch ratio of not less than 1 .5 times in each 
of the machine direction and the transverse direction. 
The process for producing a 4-methytl-1 -pentene copol- 



ymer multi-layer film according to the present invention 
comprises uniaxially stretching the three-layer laminate 
or the five-layer laminate in a stretch ratio of not less 
than 2 times, or comprises biaxially orienting the three- 
layer laminate orthe five-layer laminate in a stretch ratio 
of not less than 1 .5 times in each of the machine direc- 
tion and the transverse direction. The multi-layer film of 
the invention has high rigidity and excellent releasability 
from a black oxidated copper foil, and is suitable as a 
release film for MLB production. In the process for pro- 
ducing a multi-layer film according to the invention, 
stretching uneven ness and breaks hardly occur in the 
stretching operation and the productivity is good. 
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Description 

FIELD OF THE INVENTION 

5 [0001 ] The present invention relates to a 4-methyl-1 -pentene copolymer multi-layer film and a process for producing 
the same. More particularly, the present invention relates to a 4Hmethyl-1 -pentene copolymer multi-layer film that is 
useful as, for example, a release film and a process for producing the same. 

BACKGROUND OF THE INVENTION 

10 

[0002] It Is well known that in recent years Integration degree of IC is Increased with rapid development of electronic 
equipments, and with the increase of Integration degree, a great number of printed wiring boards have been used for 
the purpose of meeting requirements of high accuracy, high precision and high reliability. 

[0003] The printed wiring boards Include single-sided printed wiring boards, double-sided printed wiring boards, multi- 
^5 layer printed wiring boards and flexible printed wiring boards. Above all, an applicable field of the multi-layer printed 
wiring board (abbreviated to "MLB" hereinafter) is spreading because it is possible to unite conductors of three or more 
layers with Interposing insulating layers between the conductor layers and to connect arbitrary conductors with each 
other or an electrical part to be mounted with an arbitrary conductor layer 

[0004] The MLB is fabricated by, for example, a process comprising laminating a pair of single-sided or double-sided 
20 copper clad laminates as both side outer layers with interposing therebetween an internal circuit board of one or more 
layers through prepreg (epoxy resin or the like), holding them with a holding means, hot pressing them by means of 
press hot plates through cushioning materials to cure the prepreg and thereby fonn a firmly united laminate, hole 
drilling, through-hole plating, etc., and then etching the surface. 

[0005] In the fabrication of the MLB, a release film is usually used between the copper clad laminate (outer layer) 
2S and the holding means. For the release film, a high heat-resistant resin that is not molten in the hot pressing process, 
such as a 4-methyl-1 -pentene copolymer, polytetrafluoroethylene, acetate, polyester or polypropylene, is employed. 
[0006] By the way, as a copper foil of the copper clad laminate, a so-called black oxidated copper foil, which has 
been oxidized and surface-roughened to enhance adhesion properties to an epoxy resin, is frequently used. In this 
case, there sometimes arises a problem that because of shortage in rigidity of the release film, the surface of the film 
30 Intrudes Into the black oxidated surface of the copper foil in the hot pressing process and therefore the release film 
cannot be released from the copper foil. 

[0007] Under such circumstances, it has been proposed to use, as a release film, a film of high rigidity obtained by 
unlaxially stretching a 4-methyl-1 -pentene copolymer film (see Japanese Patent Laid-Open Publication No. 
73558/1 991 ). The 4-methyl-1 -pentene copolymer film, however, is liable to suffer stretching unevenness or breaks In 

35 the uniaxial stretching and Is not good in productivity. Further, the film obtained by unlaxially stretching the 4-methyl- 
1 -pentene copolymer film is sometimes insufficient in the releasability from the black oxidated copper foil surface. 
[0008] Accordingly, the present inventors have studied a 4-methyl-1 -pentene copolymer film hardly suffering stretch- 
ing unevenness and breaks In the uniaxial stretching, having high rigidity after stretching and suitable for MLB produc- 
tion, and a process for producing the film, as well as the film having good releasability from the black oxidated copper 

^0 foil and suitable for MLB production, and a process for producing the same. 

[0009] As a result, the present inventors have found that a uniaxial stretched film, which has little stretching uneven- 
ness and few breaks brought about in the stretching, shows high rigidity and is favorable as a release film for MLB 
production, can be obtained by stretching a laminate comprising a 4-methyl-1 -pentene copolymer and polyethylene or 
polypropylene. 

45 [0010] The present inventors have also found that a biaxial oriented film, which has little stretching unevenness and 
few breaks brought about In the stretching, shows high rigidity and Is favorable as a release film for MLB production 
that has excellent releasability from a black oxidated copper foil, can be obtained by biaxially orienting a laminate 
comprising a layer of a 4-methyl-1 -pentene copolymer and a layer of polyethylene or polypropylene, in a stretch ratio 
of not less than 1 .5 times in each of the machine direction and the transverse direction. Based on the above findings, 

50 the present invention has been accomplished. 

[0011] That is to say, it is an object of the present invention to provide a 4-methyl-1 -pentene copolymer multi-layer 
film of excellent rigidity, which is excellent In the releasability from a black oxidated copper foil when It Is used as, for 
example, a release film for MLB production, and a process for producing the film. 

55 DISCLOSURE OF THE INVENTION 

[0012] The first 4-methyl-1 -pentene copolymer multi-layer film according to the invention is a three-layer laminate 
comprising: 
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(A) a layer comprising a 4-methyl-1-pentene copolymer (a) obtained from 4-methyl-1-pentene and an a-olefin of 
2 to 20 carbon atoms other than 4-methyl-1-pentene, and 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), 
said layer (A) being provided on each surface of the layer (B); and 
Is unlaxially stretched in a stretcti ratio of not less than 2 times. 

[0013] The other embodiment of the first 4-methyl-1-pentene copolymer multi-layer film according to the invention 
is a five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin of 
2 to 20 cartDon atoms other than 4-methyl-1 -pentene, 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), and 

(C) a layer comprising an adhesive resin (c), said layer (A) being provided on each surface of the layer (B) through 
the layer (C); and 

is uniaxlally stretched In a stretch ratio of not less than 2 times. 

[001 4] The second 4-methyl-1 -pentene copolymer multi-layer film according to the invention is a three-layer laminate 
comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin of 
2 to 20 cartjon atoms other than 4-methyl-1 -pentene, and 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), 
said layer (A) being provided on each surface of the layer (8); and 

is biaxially oriented In a stretch ratio of not less than 1 .6 times in each of the machine direction and the transverse 
direction. 

[001 5] The other embodiment of the second 4-methyl-1 -pentene copolymer multi-layer film according to the invention 
Is a five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin of 

2 to 20 cariDon atoms other than 4-methyl-1 -pentene, 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), and 

(C) a layer comprising an adhesive resin (c), 

said layer (A) being provided on each surface of the layer (B) through the layer (C); and 

is biaxially oriented in a stretch ratio of not less than 1 .5 times in each of the machine direction and the transverse 

direction. 

[0016] In the first and the second 4-methy 1-1 -pentene copolymer multi-layer films according to the invention, the 
4-methyl-1 -pentene copolymer (a) preferably contains recurring units derived from 4-methyl-1 -pentene in amounts of 
not less than 93 % by weight. 

[0017] The adhesive resin (c) employable in the first and the second 4-methyl-1 -pentene copolymer multi-layer films 
according to the invention Is, for example, an adhesive resin comprising poly-4-methyl-1 -pentene (d) and poly-1 -butene 
(e) and containing the poly-4-methyl-1 -pentene (d) and the poly-1-butene (e) In a weight ratio (d:e) of 95:5 to 50:50. 
[0018] The first and the second 4-methyl-1 -pentene copolymer multi-layer films according to the invention preferably 
have a tensile modulus of not less than 1500 MPa. 

[0019] The first and the second 4-methyl-1 -pentene copolymer multi-layer films according to the Invention are each 
preferably used as a release film. 

[00201 The first process for producing a 4-m.ethy 1-1 -pentene copolymer multi-iayer film according to the invention 
comprises unlaxially stretching a three-layer laminate in a stretch ratio of not less than 2 times, said three-layer laminate 
comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin of 
2 to 20 cartDon atoms other than 4-methyl-1 -pentene, and 

(B) a layer comprising polypropylene (b1 ) or polyethylene (b2), 
said layer (A) being provided on each surface of the layer (B). 

[0021] The other embodiment of the first process for producing a 4-methyl-1 -pentene copolymer multi-layer film 
according to the invention comprises uniaxlally stretching a five-layer laminate in a stretch ratio of not less than 2 times, 
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said five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1-pentene copolymer (a) obtained from 4-methyl-1-pentene and an a-olefin of 
2 to 20 carbon atoms other than 4-methyl-1 -pentene, 

(B) a layer comprising polypropylene (b1) or polyethylene (b2). and 

(C) a layer comprising an adhesive resin (c), 

said layer (A) being provided on each surface of the layer (B) through the layer (C). 

[0022] The second process for producing a 4-methyM -pentene copolymer multi-layer film according to the invention 
comprises biaxially orienting a three-layer laminate in a stretch ratio of not less than 1 .5 times in each of the machine 
direction and the transverse direction, said three-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin of 
2 to 20 carbon atoms other than 4-methyl-1 -pentene, and 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), 
said layer (A) being provided on each surface of the layer (B). 

[0023] The other embodiment of the second process for producing a 4-methyl-1 -pentene copolymer multi-layer film 
according to the invention comprises biaxially orienting a five-layer laminate in a stretch ratio of not less than 1 .5 times 
in each of the machine direction and the transverse direction, said five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin of 

2 to 20 cartDon atoms other than 4-methyl-1 -pentene, 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), and 

(C) a layer comprising an adhesive resin (c). 

said layer (A) being provided on each surface of the layer (B) through the layer (C). 
PREFERRED EMBODIMENTS OF THE INVENTION 

[0024] The 4-methyl-1 -pentene copolymer multi-layer film and a process for producing the film according to the 
present invention are described in detail hereinafter. 

First 4-methyl-1 -pentene copolymer multi-layer film 

[0025] The first 4-methyl-1 -pentene copolymer multi-layer film according to the invention is a three-layer laminate 
or a five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a), 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), 

and optionally 

(C) a layer comprising an adhesive resin (c), 

said layer (A) being provided on each surface of the layer (B) in the three-layer laminate or being provided on each 
surface of the layer (B) through the layer (C) in the five-layer laminate; and 
is uniaxially stretched In a stretch ratio of not less than 2 times. 

[0026] First, resins for fonning the'f irst 4-methyl-1 -pentene copolymer multi-layer film according to the invention are 
described. 

4-Methvl-1 -pentene copolymer (a) 

[0027] The 4-methyl-1 -pentene copolymer (a) for use in the present invention is a copolymer of 4-methyl-1 -pentene 
and an a-olefin of 2 to 20 carison atoms other than 4-methyl-1 -pentene. 

[0028] Examples of the a-olef ins of 2 to 20 carbon atoms other than 4-methyl-1 -pentene include ethylene, propylene, 
1-butene, 1-hexene, 1-heptene, 1-octene, 1-decene, 1-tetradecene, 1-hexadecene, 1-heptadecene, 1 -octadecene and 
1-eicosene. The a-olef ins other than 4-methyl-1 -pentene can be used singly or in combination of two or more kinds. 
Of these, an a-olefin of 7 to 20 carbon atoms, preferably 8 to 20 carbon atoms, more preferably 1 0 to 20 carbon atoms, 
is preferable. 

[0029] The 4-methyl-1 -pentene copolymer (a) desirably contains recurring units derived from 4-methyl-1 -pentene in 
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amounts of usually not less than 93 % by weight, preferably 93 to 97 % by weight, more preferably 94 to 96 % by 
weight, and recurring units derived from the a-olefin in amounts of usually not more than 7 % by weight, preferably 3 
to 7 % by weight, more preferably 4 to 6 % by weight. When the amounts of the recurring units derived from an a-olefin 
of 2 to 20 cari3on atoms other than 4-methyl-1 -pentene are in the above range, the 4-methyM -pentene copolymer (a) 

5 has excellent moldabiiity and rigidity. 

[0030] The 4-methyl-1 -pentene copolymer (a) has a melt flow rate (MFR), as measured under the conditions of a 
load of 5.0 kg and a temperature of 260''C in accordance with ASTM D 1238, of usually 0.5 to 250 g/10 min, preferably 
1 .0 to 150 g/1 0 min. When the MFR is in the above range, the 4-methyl-1 -pentene copolymer (a) has excellent mold- 
ability and mechanical strength properties. 

10 [0031] The 4-methyl-1 -pentene copolymer (a) can be prepared by a hitherto known process. 

[0032] To the 4-methyl-1 -pentene Copolymer (a), hitherto known additives usually added to potyolef ins, such as heat 
stabilizer, weathering stabilizer, rust inhibitor, copper Inhibitor and antistatic agent, can be added within limits not det- 
rimental to the object of the invention. 

[0033] The additives employable herein are, for example, the following compounds. 
15 [0034] Examples of phenolic antioxidants include phenols, such as 2,6-di-tert-butyl-p-cresol and stearyl{3,3-dime- 

thyl-4-hydroxybenzyl)thioglycotate; and polyphenol cart3onic acid oligoesters, such as cart^onic acid oilgoesters of 4,4'- 

butylldenebls(2-tert-butyl-5-methylphenol) (e.g., those having polymerization degree of 2, 3, 4, 5, 6, 7, 8, 9 or 10). 

[0035] An example of a sulfur antioxidant is dialkyi thiodipropionate. 

[0036] An example of a phosphorus antioxidant is triphenyl phosphite. 
20 [0037] A complex compound represented by the following fonmula can be added as, for example, a hydrochloric acid 

absorbent. 

MxAly(OH)2,^y.2z(A)z^aH20 

25 

wherein M is Mg, Ca or Zn, A Is an anion other than a hydroxyl group, x, y and z are each a positive number, and a is 
0 or a positive number. 

[0038] An example of a light stabilizer is 2-hydroxy-4-methoxybenzophenone. 
[0039] Examples of lubricants include paraffin wax, polyethylene wax and calcium stearate. 
30 [0040] These additives can be used In amounts of usually 0.0001 to 1 0 parts by weight based on 1 00 parts by weight 
of the 4-methyl-1 -pentene copolymer (a). 

Polypropylene (b1) or polyethylene (b2) 

35 [0041] The polypropylene (b1) for use in the present invention is a homopolyrrier of propylene or a copolymer of 
propylene and at least one olefin selected from a-olefins of 2 to 20 carbon atoms other than propylene. 
[0042] Examples of the a-olefins of 2 to 20 cariDon atoms other than propylene include 1 -butene, 1 -pentene, 1 -hex- 
ene, 4-methyl-1 -pentene, 1-octene, 1-decene and mixtures thereof. Of these, an a-olefin of 4 to 10 carbon atoms Is 
particularly preferably employed. 

40 [0043] In the polypropylene (b1), the molar ratio (propylene/a-olefin other than propylene) of propylene to the a- 
olef in of 2 to 20 carbon atoms other than propylene is in the range of usually 1 00/0 to 90/1 0, preferably 1 00/0 to 95/5, 
though it varies depending upon the type of the a-olefin. 

[0044] The polypropylene (b1) may contain component units other than those derived from an a-olefin, such as 
component units derived from a diene compound, within limits not detrimental to its characteristic. The content of the 
^5 diene component is in the range of usually 0 to 1 % by mol, preferably 0 to 0.5 % by mol. 

[0045] The polypropylene (b1 ) desirably has a melt flow rate (MFR), as measured at 230°C under a load of 2.1 6 kg, 
of 0.1 to 1 00 g/10 min, preferably 0.5 to 50 g/1 0 min, and a density of more than 0.900 g/cm^, preferably 0.900 to 0.920 
g/cm3. 

[0046] The polypropylene (b1 ) can be prepared by a hitherto known process. 
50 [0047] The polyethylene (b2) for use in the present invention is a homopolymer of ethylene or a copolymer of ethylene 
and an a-olefin of 3 to 20 carison atoms. 

[0048] Examples of the a-olefins of 3 to 20 cartDon atoms include propylene, 1 -butene, 1 -pentene, 1 -hexene, 4-me- 
thyl-1 -pentene, 1 -octene, 1 -decene and mixtures thereof. Of these, an a-olefin of 3 to 1 0 cartDon atoms is particularly 
preferably employed. 

55 [0049] The polyethylene (b2) may contain component units other than those derived from an a-olefin, such as com- 
ponent units derived from a diene compound, within limits not detrimental to its characteristic. The content of the diene 
component Is in the range of usually 0 to 1 % by mol, preferably 0 to 0.5 % by mol. 

[0050] In the polyethylene (b2), the molar ratio (ethylene/a-olefin) of ethylene to the a-olefin of 3 to 20 carbon atoms 
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is in the range of usually 100/0 to 99/1 , preferably 100/0 to 99.5/0.5. though it varies depending upon the type of the 
a-olefin. 

[0051 ] The polyethylene (b2) desirably has a melt flow rate (MFR), as measured at 1 90**C under a load of 2. 1 6 kg, 
of 0.01 to 100 g/10 min. preferably 0.05 to 50 g/10 min, and a density of more than 0.900 gfcrrfi, preferably 0.930 to 
5 0.970 g/cm^. 

[0052] The polypropylene (b2) can be prepared by a hitherto known process. 
Adhesive resin (c) 

10 [0053] The adhesive resin (c) for use in the present invention is not specifically restricted as long as the resin is 
capable of bonding the layer (A) comprising the 4H7iethyl-1-pentene copolymer (a) to the layer (B) comprising the 
polypropylene (b1) or the polyethylene (b2), but the adhesive resin (c) preferably used in the invention is, for example, 
an adhesive resin composition comprising poly-4-methyl-1-pentene (d) and poly-1 -butene (e). 
[0054] The poly-4-methyl-1 -pentene (d) for fonning the adhesive resin composition is a homopolymer of 4-methyl- 

15 1 -pentene or a copolymer of 4-methyl-1 -pentene and an a-olefin of 2 to 20 carbon atoms other than 4-methyl-1 -pentene. 
[0055] Examples of the a-olef ins of 2 to 20 carbon atoms other than 4-methyl-1 -pentene include ethylene, propylene, 
1 -butene, 1-hexene, 1-octene, 1-decene, 1-tetradecene, 1-octadecene. 1-hexadecene, 1-dodecene, 1-tetradodecene 
and 1-eicosene. These a-olefins can be used singly or in combination of two or more kinds. Of these, preferable is 
1-hexene, 1-decene, 1-tetradecene, 1-octadecene, 1-dodecene, 1-tetradodecene or 1 -eicosene. 

20 [0056] In the poly-4-methyl-1 -pentene (d), recurring units derived from 4-methyl-1 -pentene are contained in amounts 
of usually 1 00 to 80 % by mol and recurring units derived from the a-olefin of 2 to 20 carison atoms are contained in 
amounts of usually 0 to 20 % by mpL It is preferable that the recumng units derived from 4-methy 1-1 -pentene are 
contained in amounts of 99.9 to 80 % by mol and the recurring units derived from the a-olefin of 2 to 20 carbon atoms 
are contained in amounts of 0.1 to 20 % by mol. 

25 [0057] The poly-4-methy 1-1 -pentene (d) has MFR of usually 0.1 to 200 g/1 0 min, preferably 1 .0 to 150 g/1 0 min. 
[0058] The poly-1 -butene (e) forfomriing the adhesive resin composition is a homopolymer of 1 -butene or a copolymer 
of 1 -butene and an a-olefin of 2 to 20 carbon atoms other than 1 -butene. 

[0059] Examples of the a-olefins of 2 to 20 cariDon atoms other than 1 -butene include ethylene, propylene, 1 -hexene, 
1 -octene, 1 -decene, 1 -tetradecene and 1 -octadecene. These a-olefins can be used singly or in combination of two or 

30 more kinds. Of these, preferable is ethylene or propylene. 

[0060] The poly-1 -butene (e) is a copolymer containing recumng units derived from 1 -butene in amounts of not less 
than 60 % by weight. Especially when the recurring units derived from 1 -butene are contained in amounts of not less 
than 80 % by weight, the poly-1 -butene (e) has excellent compatibility with the poty-4-methy 1-1 -pentene (d). 
[0061] The poly-1 -butene (e) has MFR, as measured under the conditions of a load of 2.1 6 kg and a temperature of 

35 190X in accordance with ASTM D 1238, of usually 0.01 to 100 g/10 min, preferably 0.1 to 50 g/10 min. 

[0062] When the MFR of the poly-1 -butene (e) is in the above range, the poly-1 -butene (e) has excellent blendability 
with the poly-4-methyl-1 -pentene (d), and thereby the adhesive resin composition exhibits high adhesion properties. 
[0063] In the adhesive resin composition, the weight ratio (d:e) of the poly-4-methyl-1 -pentene (d) to the poly- 
1 -butene (e) is in the range of usually 95:5 to 50:50, preferably 80:20 to 60:40. When the weight ratio (d:e) of the poly- 

40 4-methyl-1 -pentene (d) to the poly-1 -butene (e) is in the above range, the composition exhibits high adhesion properties. 
[0064] The adhesive resin composition can be prepared by, for example, melt kneading the poly-4-methyl-1 -pentene 

(d) with the poly-1 -butene (e) in accordance with a hitherto known method. For example, the adhesive resin composition 
can be prepared by mixing a given amount of the poly-4-methyl-1 -pentene (d) with a given amount of the poly-1 -butene 

(e) by a V-type blender, a ribbon blender, a Henschel mixer, a tumbling blender or the like, and then melt kneading the 
45 mixture by a single-screw extruder, a multi-screw extruder or the like, followed by pelletizing, or melt kneading the 

mixture by a kneader. a Banbury mixer or the like, followed by pulverization. 

[0065] When the layer (C) comprising the adhesive resin (c) is formed from the above-described adhesive resin 
composition, the layer (A) and the layer (B) can be fimnly bonded. 

50 Multi-layer film 

[0066] One embodiment of the first 4-methyl-1 -pentene copolymer multi-layer film according to the present invention 
Is a three-layer laminate, which comprises the layer (A) comprising the 4-methyl-1 -pentene copolymer (a) and the layer 
(B) comprising the polypropylene (b1 ) or the polyethylene (b2) and has a structure of (A)/(B)/(A) wherein the layer (A) 
55 is provided on each surface of the layer (B), and is uniaxially stretched in a stretch ratio of not less than 2 times, 
preferably 2 to 1 0 times, more preferably 3 to 8 times. 

[0067] Although the thickness of the 4-methyl-1 -pentene copolymer multi-layer film is not specifically restricted, it is 
in the range of usually about 5 to 500 jim, preferably about 10 to 200 ^.m. Although the thickness of each layer to 
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constitute the 4-methyM -pentene copolymer mutthlayer film is not specifically restricted, one layer (A) has a thickness 
of usually 1 to 100^, preferably 5 to 50 ^m, the layer (B) has a thickness of usually 3 to 100^m, preferably 10 to 50 
\im, and the other layer (A) has a thickness of usually 1 to 100 ^m, preferably 5 to 50 ^m. 

[0068] The 4-methyM -pentene copolymer multi-layer film has a tensile modulus of usually not less than 1 500 MPa, 
5 preferably 1500 to 4000 MPa, more preferably 1 700 to 3000 MPa, 

[0069] When the tensile modulus of the 4-methyl-1 -pentene copolymer multi-layer film is in the above range, adhesive 
transfer hardly takes place. 

[0070]- Measurement of the tensile modulus is carried out in the following manner. A rectangular test strip having a 
width of 1 .27 cm and a length of 6.35 cm cut from a 4-methyl-1 -pentene copolymer multi-layer film is measured by the 
10 use of an Instron tensile tester model 4501 under the conditions of a temperature of 23°C and a crosshead speed of 

5 mm/min. 

[0071] The other embodiment of the first 4-methy 1-1 -pentene copolymer multi-layer film according to the invention 
is a five-layer laminate, which comprises the layer (A) comprising the 4-methyl-1 -pentene copolymer (a), the layer (B) 
comprising the polypropylene (b1) or the polyethylene (b2) and the layer (C) comprising the adhesive resin (c) and 
IS has a stmcture of (A)/(C)/(B)/(C)/(A) wherein the layer (A) Is provided on each surface of the layer (8) through the layer 
(C), and is uniaxiatly stretched in a stretch ratio of not less than 2 times, preferably 2 to 1 0 times, more preferably 3 to 
8 times. 

[0072] Although the thickness of the 4-methyl-1 -pentene copolymer multi-layer film is not specifically restricted, It Is 
in the range of usually about 5 to 500 [im, preferably about 10 to 200 \im. Although the thickness of each layer to 
20 constitute the 4-methyl-1 -pentene copolymer multi-layer film is not specifically restricted, one layer (A) has a thickness 
of usually 1 to 100 pjn, preferably 5 to 50 ^un, one layer (C) has a thickness of usually 1 to 1 00 ^im. preferably 5 to 50 
^m, the layer (8) has a thickness of usually 3 to 100 \in\, preferably 10 to 50 p.m, the other layer (C) has a thickness 
of usually 1 to 1 00 ^m. preferably 5 to 50 ^m, and the other layer (A) has a thickness of usually 1 to 1 00 (xm, preferably 
5 to 50 

25 [0073] The 4-methyl-1 -pentene copolymer multi-layer film has a tensile modulus of usually not less than 1500 MPa, 
preferably 1500 to 4000 MPa, more preferably 1700 to 3000 MPa. 

[0074]. When the tensile modulus of the4-methyl-1 -pentene copolymer multi-layer film Is inthe above range, adhesive 
transfer hardly takes place. 

[0075] The first 4-methyl-1 -pentene copolymer multi-layer film of the Invention described above is excellent in rigidity 
30 and releasability. For example, owing to the excellent releasability from a black oxidated copper foil, the 4-methyl- 
1 -pentene copolymer multi-layer film Is favorable as a release film, particularly as a release film for MLB production. 

Second 4-methyl-1 -pentene copolymer multi-layer film 

35 [0076] The second 4-methyl-1 -pentene copolymer multi-layer film according to the present invention is a three-layer 
laminate or a five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a), 
(8) a layer comprising polypropylene (b1) or polyethylene (b2), 
^0 and optionally 

(C) a layer comprising an adhesive resin (c), 

said layer (A) being provided on each surface of the layer (8) in the three-layer laminate or being provided on each 
surface of the layer (8) through the layer (C) in the five-layer laminate; and 

is biaxlaily oriented In a stretch ratio of not less than 1 .5 times In each of the machine direction and the transverse 
^5 direction. 

[0077] The 4-methyl-1 -pentene copolymer (a) for use In the invention is the same as the 4-methyl-1 -pentene copol- 
ymer (a) for use in the aforesaid first 4-methyl-1 -pentene copolymer multi-layer film. To the 4-met.hy!-1 -pentene copol- 
ymer (a) , the same additives as previously exemplified for the 4-methy!-1 -pentene copolymer (a) for use in the aforesaid 

50 first 4-methyl-1 -pentene copolymer multi-layer film can be added in the same amounts as previously described. 

[0078] The polypropylene (b1 ) for use in the Invention is the same as the polypropylene (b1 ) for use In the aforesaid 
first 4-methyl-1 -pentene copolymer multi-layer film. The polyethylene (b2) for use In the invention is the same as the 
polyethylene (b2) for use in the aforesaid first 4-methyl-1 -pentene copolymer multi-layer film. 
[0079] The adhesive resin (c) for use In the invention is not specifically restricted as long as the resin is capable of 

55 bonding the layer (A) comprising the 4-methyl-1 -pentene copolymer (a) to the layer (8) comprising the polypropylene 
(b1) or the polyethylene (b2), but the adhesive resin (c) preferably used in the invention is, for example, such an 
adhesive resin composition comprising poly-4-methyl-1 -pentene (d) and poly-1-butene (e) as used in the aforesaid 
first 4-methyl-1 -pentene copolymer multi-layer film. 
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[0080] When the layer (C) comprising the adhesive resin (c) is fornned from the aforesaid adhesive resin composition, 
the layer (A) and the layer (B) can be fimnly bonded. 

Multi-layer film 

5 

[0081] One embodiment of the second 4-methyl-1-pentene copolymer multi-layer film according to the present in- 
vention is a three-layer laminate, which comprises the layer (A) comprising the 4-methyl-1 -pentene copolymer (a) and 
the layer (B) comprising the polypropylene (b1) or the polyethylene (b2) and has a structure of (Ay(B)/(A) wherein the 
layer (A) is provided on each surface of the layer (B), and is blaxlally oriented in a stretch ratio of not less than 1 .5 
10 times, preferably 3 to 10 times, more preferably 4 to 8 times. In each of the machine direction and the transverse 
direction. 

[0082] Although the thickness of the 4-methyl-1 -pentene copolymer multi-layer film is not specifically restricted, it is 
in the range of usually about 5 to 500 \im, preferably about 10 to 200 jxm. Although the thickness of each layer to 
constitute the 4-methyl-1 -pentene copolymer multi-layer film is not specifically restricted, one layer (A) has a thickness 
15 of usually 1 to 1 00 ^m, preferably 5 to 50 jxm, the layer (B) has a thickness of usually 3 to 1 00 jim, preferably 1 0 to 60 
^m, and the other layer (A) has a thickness of usually 1 to 100 ^.m, preferably 5 to 50 ^m. 
[0083] The 4-methyl-1 -pentene copolymer multi-layer film has a tensile modulus of usually not less than 1 500 MPa, 
preferably 1500 to 4000 MPa, more preferably 1700 to 3000 MPa. 

[0084] When the tensile modulus of the 4-methyl-1 -pentene copolymer multi-layer film is in the above range, adhesive 

20 transfer hardly takes place. 

[0085] The other embodiment of the second 4-methy 1-1 -pentene copolymer mu Iti-layer f ilm according to the invention 
is a five-layer laminate, which comprises the layer (A) comprising the 4-methyl-1 -pentene copolymer (a), the layer (B) 
comprising the polypropylene (b1) or the polyethylene (b2) and the layer (C) comprising the adhesive resin (c) and 
has a structure of (A)/(C)/(B)/(C)/(A) wherein the layer (A) is provided on each surface of the layer (B) through the layer 

25 (C), and is blaxlally oriented in a stretch ratio of not less than 1 .5 times, preferably 3 to 1 0 times, more preferably 4 to 
8 times, in each of the machine direction and the transverse direction. 

[0086] Although the thickness of the 4-methyl-1 -pentene copolymer multi-layer film is not specifically restricted, it is 
in the range of usually about 5 to 500 p.m, preferably about 10 to 200 fim. Although the thickness of each layer to 
constitute the 4-methyl-1 -pentene copolymer multi-layer film is not specifically restricted, one layer (A) has a thickness 
30 of usually 1 to 1 00 jtm, preferably 5 to 60 jim, one layer (C) has a thickness of usually 1 to 1 00 \im, preferably 5 to 50 
fim, the layer (B) has a thickness of usually 3 to 100 |xm, preferably 10 to 50 ^im, the other layer (C) has a thickness 
of usually 1 to 1 00 ^im, preferably 5 to 50 ^m, and the other layer (A) has a thickness of usually 1 to 1 00 jim, preferably 
5 to 50 M,m. 

[0087] The 4-methyl-1 -pentene copolymer multi-layer film has a tensile modulus of usually not less than 1500 MPa, 
35 preferably 1600 to 4000 MPa, more preferably 1700 to 3000 MPa. 

[0088] When the tensile modulus of the 4-methyl-1 -pentene copolymer multi-layer film is in the above range, adhesive 
transfer hardly takes place. 

[0089] The second 4-methyl-1 -pentene copolymer multi-layer film of the invention described above is excellent in 
rigidity and releasability.Forexample,owingto the excellent releasability from ablack oxidated copperfoil,the4-methyl- 
40 1 -pentene copolymer multi-layer film is favorable as a release film, particularly as a release film for MLB production. 

First process for producing 4-methyl-1 -pentene copolymer multi-layer film 

[0090] The first process for producing a 4-methyl-1 -pentene copolymer multi-layer film according to the present In- 
45 vention comprises forming the layer (A) of the 4-methyl-1 -pentene copolymer (a) and the layer (B) of the polypropylene 
(b1 ) or the polyethylene (b2) from the 4-methyl-1 -pentene copolymer (a) and the polypropylene (b1 ) or the polyethylene 
{b2), respectively, to produce a three-layer laminate having a structure of (A)/(B)/{A) and then uniaxially stretching the 
three-layer lam.inate in a stretch ratio of not less than 2 times. Through this process, a three-layer film of the first 
4-methyl-1 -pentene copolymer multi-layer films can be produced. 
50 [0091] The three-layer laminate is produced by, for example, coextrusion molding of the 4-methyl-1 -pentene copol- 
ymer (a) and the polypropylene (b1) or the polyethylene (b2), or press molding of sheets or films which have been 
previously fomned from the above resins by press molding, extrusion molding or the like. 

[0092] Although the thickness of the three-layer laminate is not specifically restricted, It is in the range of preferably 
about 10 to 2000 fim. Although the thickness of each layer to constitute the three-layer laminate is not specifically 
55 restricted, one layer (A) has a thickness of preferably 2 to 1000 ^m, the layer (B) has a thickness of preferably 6 to 
1000 Jim, and the other layer (A) has a thickness of preferably 2 to 1 000 ^m. 

[0093] The three-layer laminate obtained as above is uniaxially stretched by a hitherto known method, whereby the 
4-methyl-1 -pentene copolymer multi-layer film of the invention is obtained. The heating.temperature for uniaxially 



EP 1264 685 A1 



stretching the three-layer laminate is in the range of usually 120 to 210^0, preferably 160 to 180°C. 

[0094] The stretch ratio in the uniaxial stretching of the three-layer laminate is usually not less than 2 times, preferably 

2 to 10 times, more preferably about 3 to 8 times. 

[0095] The other embodiment of the first process for producing a 4-methyl-1-pentene copolymer multi-layer film 
5 according to the invention comprises forming the layer (A) of the 4-methyl-1-pentene copolymer (a), the layer (C) of 
the adhesive resin (c) and the layer (B) of the polypropylene (b1 ) or the polyethylene (b2) from the 4-methyl-1 -pentene 
copolymer (a), the adhesive resin (c), and the polypropylene (b1) or the polyethylene (b2), respectively, to produce a 
five-layer laminate having a structure of (A)/(C)/(B)/(C)/(A) and then uniaxially stretching the five-layer laminate in a 
stretch ratio of not less than 2 times. Through this process, a five-layer film of the first 4-methyl-1 -pentene copolymer 
10 multi-layer films can be produced. 

[0096] The five-layer laminate is produced by, for example, coextrusion molding of the 4-methyl-1 -pentene copolymer 
(a), the adhesive resin (c) and the polypropylene (b1) or the polyethylene (b2), or press molding of sheets or films 
which have been previously fomned from the above resins by press molding, extrusion molding or the like. 
[0097] Although the thickness of the five-layer laminate is not specifically restricted, it is in the range of preferably 
^5 about 10 to 5000 \im. Although the thickness of each layer to constitute the five-layer laminate is not specifically re- 
stricted, one layer (A) has a thickness of preferably 2 to 2000 ^m, one layer (C) has a thickness of preferably 2 to 2000 
\im, the layer (8) has a thickness of preferably 6 to 2000 pjn, the other layer (C) has a thickness of preferably 2 to 2000 
Hm, and the other layer (A) has a thickness of preferably 2 to 2000 \wr\. 

[0098] The five-layer laminate obtained as above is uniaxially stretched by a hitherto known method, whereby the 
20 4-methy!-1 -pentene copolymer multi-layer film of the invention is obtained. The heating temperature for uniaxially 
stretching the five-layer laminate is in the range of usually 120 to 210'C, preferably 160 to 180'*C. 
[0099] The stretch ratio in the uniaxial stretching of the five-layer laminate is usually not less than 2 times, preferably 

2 to 10 times, more preferably about 3 to 8 times. 

[0100] According to the invention, a uniaxially stretched 4-methyl-1 -pentene copolymer multi-layer film of three layers 
25 or five layers, which has little stretching unevenness and few breaks brought about in the stretching and shows high 
rigidity, can be obtained. 

Second process for producing 4-methyl-1 -pentene copolymer multi-layer film 

30 [01 01] In the second process for producing a 4-methyl-1 -pentene copolymer multi-layer film according to the present 
invention, a three-layer laminate having a structure of {A)/(B)/(A), which is produced in the same manner as in the first 
process for producing a 4-methyl-1 -pentene copolymer multi-layer film and has the same each layer thickness as 
described above, is biaxially oriented by a hitherto known method in a stretch ratio of not less than 1 .5 times in each 
of the machine direction and the transverse direction. Through this process, a three-layer film of the second 4-methyl- 

35 1 -pentene copolymer multi-layer films can be produced. 

[01 02] The heating temperature for biaxially orienting the three-layer laminate is in the range of usually 1 20 to 21 O^'C, 
preferably 160 to 180°C. 

[0103] The stretch ratio in the biaxial orientation of the three-layer laminate is usually not less than 1 .5 times, pref- 
erably 3 to 1 0 times, more preferably about 4 to 8 times, in each of the machine direction and the transverse direction. 

40 [0104] In the other embodiment of the second process for producing a 4-methyl-1 -pentene copolymer multi-layer 
film according to the invention, a five-layer laminate having a structure of (A)/(C)/(B)/(C)/(A). which is produced in the 
same manner as in the first process for producing a 4-methyl-1 -pentene copolymer multi-layer film and has the same 
each layer thickness as described above, is biaxially oriented by a hitherto known method in a stretch ratio of not less 
than 1 .5 times in each of the machine direction and the transverse direction. Through this process, a five-layer film of 

^5 the second 4-methyl-1 -pentene copolymer multi-layer films can be produced. 

[0105] The heating temperature for biaxially orienting the five-layer laminate is In the range of usually 120 to 21 O^'C, 
preferably 160 to 180°C. 

[01 06] The stretch ratio in the biaxial orientation of the five-layer laminate Is usually not less than 1 .5 times, preferably 

3 to 10 times, more preferably about 4 to 8 times, in each of the machine direction and the transverse direction. 

50 [0107] According to the present invention, a biaxially oriented 4-methyl-1 -pentene copolymer multi-layer film of three 
layers or five layers, which has little stretching unevenness and few breaks brought about in the stretching and shows 
high rigidity, can be obtained. 

EXAMPLES 

55 

[0108] The present invention is further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

[0109] In the examples, the following materials were used as the 4-methyl-1 -pentene copolymer, polypropylene and 
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the adhesive resin. 

4-Methyl-1i3entene copolymer (1) 

5 [01 10] Copolymer of 4-methyl-1 -pentene and Diarene 1 68 (trade name, mixture of a-olefin of 1 6 carbon atoms and 
a-olefin of 18 carbon atoms, available from Mitsubishi Chemical Industries, Ltd.), 4 -methy 1-1 -pentene content in this 
copolymer: 94 % by weight, total content of a-olefin of 1 6 carbon atoms and a-olefin of 1 8 carbon atoms: 6 % by weight, 
MFR (measured under a load of 5.0 kg at a temperature of 260**C in accordance with ASTM D 1238): 23 g/1 0 min 

10 4-Methyl'1 jjentene copolymer (2) 

[01 1 1 ] Copolymer of 4-methyl-1 -pentene and Diarene 1 24 (trade name, mixture of a-olefin of 1 2 carbon atoms and 
a-olefin of 14 carbon atoms, available from Mitsubishi Chemical Industries, Ltd.), 4-methyl-1 -pentene content in this 
copolymer: 95 % by weight, total content of a-olefin of 1 2 carbon atoms and a-olefin of 1 4 carbon atoms: 5 % by weight, 
IS MFR (measured under a load of 5.0 kg at a temperature of 260*»C in accordance with ASTM D 1238): 23 g/l 0 min 

Poly-4-methyl-1 -pentene copolymer (3) 

[0112] Copolymer of 4-methyl-1 -pentene and 1-decene, 4-methyl-1 -pentene content in this copolymer: 96 % by 
20 weight, 1 -decene content: 4 % by weight, MFR (measured under a load of 5.0 kg at a temperature of 260*C in accord- 
ance with ASTM D 1238): 23 g/10 min 

Poly-4-methyl-1 -pentene copolymer (4) 

25 [0113] Mixture of 50 % by weight of the 4-methyl-1 -pentene copolymer (1) and 50 % by weight of the 4-methyl- 
1 -pentene copolymer (3), MFR of this mixture (measured under a load of 5.0 kg at a temperature of 260''C in accordance 
with ASTM D 1238): 23 g/1 0 min 

Polypropylene (b1) 

30 

[0114] Trade name: F-600, available from Grand Polymer K.K., density: 0.91 g/cm^, MFR (measured under a load 
of 2.16 kg at a temperature of 230'*C in accordance with ASTM D 1238): 10 g/10 min 

Polyethylene (b2) 

35 

[0115] Trade name: Ultzex 2022L, available from Mitsui Chemicals, Inc., density: 0.91 g/cm^, MFR (measured under 
a load of 2.16 kg at a temperature of 190*C in accordance with ASTM D 1238): 2.1 g/10 min 

Adhesive resin (c) 

40 

[0116] Adhesive resin obtained by a process comprising blending 60 parts by weight of a 4-methyl-1 -pentene co- 
polymer (1-octadecene content: 6 % by weight, MFR = 3.0 g/10 min), 40 parts by weight of a 1-butene copolymer 
(ethylene content: 5 % by weight, MFR = 2.5 g/10 min), 0.10 part by weight of Irganox 1010 (trade name, available 
from Clba K.K.) as a stabilizer and 0.03 part by weight of calcium stearate (available from Sankyo Yuki Gosei K.K.), 
^5 then mixing them for 3 minutes by a Henschel mixer through low-speed revolution and extruding the mixture by a twin- 
screw extruder at a temperature of 280*'C. 

Example 1 

50 [01 17] An unstretched film of two-material three-layer type having a structure of 4-methyl-1 -pentene copolymer (1 ) 
/polypropylene (b1 )/4-methyl-1 -pentene copolymer (1 ) (each layer thickness = 60/80/60 nm) was prepared by the use 
of aT-die extrusion molding machine. This unstretched film was examined on the stretch ability. 
[01 18] Then, the unstretched film of two-material three-layer type was unlaxially stretched in a stretch ratio of 4 times 
to obtain a stretched film of 4-methyl-1 -pentene copolymer (1 )/polypropylene (b1)/4-methyl-1 -pentene copolymer (1) 

55 (each layer thickness = 15/20/15 jxm). 

[0119] The stretching was carried out by cutting the unstretched film to give a square specimen having a length of 
5 cm and a width of 5 cm and unlaxially stretching the specimen in a stretch ratio of 4 times at a temperature of 1 80"C 
and a rate of 5 m/min (the same shall apply to the following Examples 2 to 8 and Comparative Examples). 
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[0120] The stretched film thus obtained was examined on the releasabifity and rigidity. The results are set forth in 
Table 1. 

[0121] In the examples, the stretchability and the releasabllity were evaluated in the following manner. 
5 Stretchability 

[0122] Five films were stretched, and the number of films having stretching unevenness and breaks was checked. 
Releasabllity 

10 

[0123] A film was superposed on a surface of a copper foil, said surface having been subjected to black oxidation 
with sodium chlorite, and they were pressed under the conditions of 190**C, 20 kg and 30 minutes. Then, releasability 
of the film from the copper foil was examined. A film which had been completely released from the copper foil by a 
usual operation was evaluated as "good", while a film only a part of which had been released was measured on the 
'5 area sticking to the copper foil, and a proportion of the measured area to the contact area with the copper foil based 
on the contact area being 1 00 % is set forth in the table. 

Example 2 

20 [0124] An unstretched film of two-material three- layer type having a structure of 4-methyl-1-pentene copolymer (3) 
/polypropylene (b1)/poly-4-methyl-1 -pentene copolymer (3) {each layer thickness = 60/80/60 jrni) was prepared by the 
use of a T-die extrusion molding machine. This unstretched film was examined on the stretchability. 
[0125] Then, the unstretched film of two-material three-layer type was uniaxially stretched in a stretch ratio of 4 times 
to obtain a stretched film of 4-methyl-1 -pentene copolymer (3)/polypropylene (b1)/4-methyl-1 -pentene copolymer (3) 

25 (each layer thickness = 15/20/15 fim). The stretched film thus obtained was examined on the releasability and rigidity. 
The results are set forth in Table 1 . ' 

Example 3 

30 [0126] An unstretched film of three-material five-layer type having a structure of 4-methyl-1 -pentene copolymer (1 ) 

/adhesive resin (c)/polypropylene (b1)/adheslve resin (c)/4-methyl-1 -pentene copolymer (1) (each layer thickness = 
40/20/80/20/40 jim) was prepared by the use of a T-die extrusion molding machine. This unstretched film was examined 
on the stretchability, 

[01 27] Then, the unstretched film of three-material five-layer type was uniaxially stretched in a stretch ratio of 4 times 
35 to obtain a stretched film of 4-methyl-1 -pentene copolymer (1)/adhesive resin (c)/polypropylene (b1)/adhesive resin 
(c)/4-methyl-1 -pentene copolymer (1 ) (each layer thickness = 1 0/5/20/5/1 ,0 ^im). The stretched film thus obtained was 
examined on the releasability and rigidity. The results are set forth in Table 1 . 

Example 4 

40 

[0128] An unstretched film of three-material five-layer type having a structure of 4-methyl-1 -pentene copolymer (2) 
/adhesive resin (c)/polypropylene (b1)/adhesive resin (c)/4-methyl-1 -pentene copolymer (2) (each layer thickness = 
40/20/80/20/40 ^im) was prepared by the use of aT-die extrusion molding machine. This unstretched film was examined 
on the stretchability. 

45 [01 29] Then , the unstretched film of three-material five-layer type was uniaxially stretched in a stretch ratio of 4 times 
to obtain a stretched film of 4-methyl-1>pentene copolymer (2)/adheslve resin (cypolypropylene (b1)/adhesive resin 
(c)/4-methyl-1 -pentene copolymer (2) (each layer thickness = 1 0/5/20/5/1 0 \irr)). The stretched film thus obtained was 
examined on the releasabllity and rigidity. The results are set forth in Table 1 . 

50 Example 5 

[0130] An unstretched film of three-material five-layer type having a structure of 4-methyl-1 -pentene copolymer (3) 
/adhesive resin (c)/polypropylene (b1)/adhesive resin (c)/4-methyl-1 -pentene copolymer (3) (each layer thickness = 
40/20/80/20/40 ^im) was prepared by the use of a T-die extrusion molding machine. This unstretched film was examined 
55 on the stretchability. 

[0131] Then, the unstretched film of three-material five-layer type was uniaxially stretched in a stretch ratio of 4 times 
to obtain a stretched film of 4-methyl-1 -pentene copolymer (3)/adhesive resin (c)/polypropylene (b1)/adhesive resin 
(c)/4-methyl-1 -pentene copolymer (3) (each layer thickness = 1 0/5/20/5/1 0 jim). The stretched film thus obtained was 
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examined on the releasability and rigidity. The results are set forth In Table 1. 
Example 6 

[0132] An unstretched film of three-material five-layer type having a structure of 4-methyl-1-pentene copolymer (1) 
/adhesive resin (c)/polyethylene (b2)/adhesive resin {c)/4H7iethyl-1-pentene copolymer (1) (each layer thickness = 
40/20/80/20/40 ^m) was prepared by the use of a T-die extrusion molding machine. This unstretched film was examined 
on the stretchability. 

[01 33] Then , the unstretched film of three-material five-layer type was uniaxially stretched in a stretch ratio of 4 times 
to obtain a stretched film of 4-methyl-1 -pentene copolymer (1 )/adhesive resin (c)/polyethylene (b2)/adhesive resin (c) 
/4-methyl-1-pentene copolymer (1) (each layer thickness = 10/5/20/5/10 ^m). The stretched film thus obtained was 
examined on the releasability and rigidity. The results are set forth in Table 1 . 

Example 7 

[01341 An unstretched film of three-material five-layer type having a structure of 4-methyl-1 -pentene copolymer (4) 
/adhesive resin (cypolypropylene (b1)/adheslve resin (c)/4-methyl-1 -pentene copolymer (4) (each layer thickness = 
40/20/80/20/40 ^im) was prepared by the use of a T-die extrusion molding machine. This unstretched film was examined 

on the stretchability. 

[0135] Then, the unstretched film of three-material five-layer type was uniaxially stretched in a stretch ratio of 4 times 
to obtain a stretched film of 4-methyl-1 -pentene copolymer (4)/adhesive resin (c)/polypropylene (b1)/adhesive resin 
(c)/4-methyl-1 -pentene copolymer (4) (each layer thickness = 10/5/20/5/10 p^m). The stretched film thus obtained was 
examined on the releasability and rigidity. The results are set forth In Table 1 . 

Example 8 

[0136] An unstretched film of three-material five-layer type having a structure of 4-methyl-1 -pentene copolymer (1 ) 
/adhesive resin (cypolypropylene (biyadhesive resin (cy4-methyl-1 -pentene copolymer (1) (each layer thickness = 
20/1 0/40/1 0/20 \irr\) was prepared by the use of aT-dle extrusion molding machine. This unstretched film was examined 
on the stretchability. 

[0137J. Then, the unstretched film of three-material five-layer type was uniaxially stretched in a stretch ratio of 2 times 
to obtain a stretched film of 4-methyl-1 -pentene copolymer (lyadhesive resin (cypolypropylene (biyadhesive resin 
(cy4-methyl-1 -pentene copolymer (1 ) (each layer thickness = 1 0/5/20/5/1 0 \xm). The stretched film thus obtained was 
examined on the releasability and rigidity. The results are set forth in Table 1 . 
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Example 9 

[0138] The same unstretched film of two-material three-layer type as prepared in Example 1 was biaxially oriented 
in a stretch ratio of 2 times in the machine direction and a stretch ratio of 2 times in the transverse direction to obtain 
5 an oriented film of 4-methyl-1 -pentene copolymer (1 )/poiypropylene (b1 )/4-methyl-1 -pentene copolymer (1 ) (each layer 
thici<ness = 1 5/20/1 5 ^m) . 

[0139] The orientation was carried out by cutting the unstretched film to give a square specimen having a length of 
5 cm and a width of 5 cm and biaxially orienting the specimen in a stretch ratio of 2 times in the machine direction and 
a stretch ratio of 2 times in the transverse direction at a temperature of ISO^'C and a rate of 5 m/min (the same shall 
10 apply to the following Examples 1 0 to 1 6). 

[0140] The biaxial oriented film was examined on the releasability and rigidity. The results are set forth in Table 2, 

in which the stretch ability of the unstretched film Is also set forth. 

[0141] In the examples, the releasability was evaluated in the following manner. 

IS Releasability 

[0142] A film was superposed on a surface of a copper foil, said surface having been subjected to black oxidation 
with sodium chlorite, and they were pressed under the conditions of 200'C, 40 kg and 30 minutes. Then, releasability 
of the film from the copper foil was examined. 

20 

Example 10 

[0143] The same unstretched film of two-material three-layer type as prepared in Example 2 was biaxially oriented 
in a stretch ratio of 2 times in the machine direction and a stretch ratio of 2 times in the transverse direction to obtain 
25 an oriented film of 4-methyl-1 -pentene copolymer (3)/polypropylene (b1 )/4-methyl-1 -pentene copolymer (3) (each layer 
thickness = 15/20/15 fim). The oriented film was examined on the releasability and rigidity. The results are set forth in 
Table 2, in which the stretchabllity of the unstretched film Is also set forth. 

Example 1 1 

30 

[0144] The same unstretched film of three-material five-layer type as prepared in Example 3 was biaxially oriented 
in a stretch ratio of 2 times in the machine direction and a stretch ratio of 2 times in the transverse direction to obtain 
an oriented film of 4-methyl-1 -pentene copolymer (1)/adhesive resin (c)/polypropylene (b1)/adhesive resin (c)/4-me- 
thyl-1 -pentene copolymer (1 ) (each layer thickness = 1 0/5/20/5/1 0 jim). The oriented film was examined on the releas- 
es ability and rigidity. The results are set forth In Table 2, In which the stretchabllity of the unstretched film is also set forth. 

Example 12 

[0145] The same unstretched film of three-material five-layer type as prepared in Example 4 was biaxially oriented 
40 in a stretch ratio of 2 times in the machine direction and a stretch ratio of 2 times in the transverse direction to obtain 
an oriented film of 4-methyl-1 -pentene copolymer (2)/adhesive resin (c)/polypropylene (b1)/adhesive resin (c)/4-me- 
thyl-1 -pentene copolymer (2) (each layer thickness = 1 0/5/20/5/1 0 nm). The oriented film was examined on the releas- 
ability and rigidity. The results are set forth in Table 2, in which the stretchabllity of the unstretched film is also set forth. 

45 Example 13 

[0146] The same unstretched film of three-material five-layer type as prepared in Example 5 was biaxially oriented 
in a stretch ratio of 2 times in the machine direction and a stretch ratio of 2 times in the transverse direction to obtain 
an oriented film of 4-methyl-1 -pentene copolymer (3)/adhesive resin (c)/polypropylene (b1)/adhesive resin (c)/4-me- 
50 thyl-1 -pentene copolymer (3) (each layer thickness = 1 0/5/20/5/1 0 p.m). The oriented film was examined on the releas- 
ability and rigidity. The results are set forth in Table 2, in which the stretchabllity of the unstretched film is also set forth. 

Example 14 

55 [0147] The same unstretched film -of three-material five-layer type as prepared in Example 6 was biaxially oriented 
in a stretch ratio of 2 times In the machine direction and a stretch ratio of 2 times in the transverse direction to obtain 
an oriented film of 4-methyM -pentene copolymer (1 )/adhesive resin (c)/polyethylene (b2)/adheslve resin (c)/4-methyl- 
1 -pentene copolymer (1 ) (each layer thickness = 1 0/5/20/5/1 0 jxm). The oriented film was examined on the releasability 
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and rigidity. The results are set forth in Table 2. 
Example 15 

5 [0148] The same unstretched film of three-material five-layer type as prepared in Example 7 was blaxlally oriented 
in a stretch ratio of 2 times In the machine direction and a stretch ratio of 2 times in the transverse direction to obtain 
an oriented film of 4-methyl-1-pentene copotymer (4)/adhesive resin (c)/polypropylene (b1)/adhesive resin (c)/4-me- 
thyl-1 -pentene copolymer (4) (each layer thickness = 1 0/5/20/5/1 0 ^lm). The oriented film was examined on the releas- 
ability and rigidity. The results are set forth In Table 2. in which the stretchability of the unstretched film is also set forth. 

10 

Example 16 

[0149] The same unstretched film of three-material five-layer type as prepared in Example 8 was biaxially oriented 
in a stretch ratio of 1 .5 times in the machine direction and a stretch ratio of 1 .5 times in the transverse direction to 
IS obtain an oriented film of 4-methyI-1 -pentene copolymer (1)/adhesive resin {c)/polypropylene (b1 )/adhesive resin (c)/ 
4-methyI-1 -pentene copolymer (1) (each layer thickness = 10/5/20/5/10 jun). The oriented film was examined on the 
releasabillty and rigidity. The results are set forth in Table 2, in which the stretchability of the unstretched film is also 
set forth. 
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Comparative Example 1 

[0150] A two-material three-layer film of 4-methyl-1-pentene copolymer {1)/polypropylene (b1)/4-methyl-1-pentene 
copolymer (1) (each layer thickness = 15/20/15 jim) was prepared by the use of a T-die extrusion molding machine. 
This film was examined on the reieasability and rigidity. The results are set forth in Table 3. 

Comparative Example 2 

[0151] A three-material five-layer film of 4-methyl-1-pentene copolymer (1)/adhesive resin (c)/polypropyiene (b1)/ 
adhesive resin (c)/4-methyl-1 -pentene copolymer (1 ) (each layer thickness = 1 0/5/20/5/1 0 ^m) was prepared by the 
use of a T-die extrusion molding machine This three-material five-layer film was examined on the reieasability and 
rigidity. The results are set forth in Table 3. 

Comparative Example 3 

[0152] A three-material five-layer film of 4-methyl-1 -pentene copolymer (3)/adhesive resin (c)/polypropylene (b1)/ 
adhesive resin (c)/4-methyl-1 -pentene copolymer (3) (each layer thickness = 10/5/20/5/10 \m) was prepared by the 
use of a T-die extrusion molding machine. This three-material five-layer film was examined on the reieasability and 
rigidity. The results are set forth in Table 3. 

Comparative Example 4 

[0153] A single-layer film of 4-methyl-1 -pentene copolymer (1) having a thickness of 200 ^un was prepared by the 
use of a T-die extrusion molding machine. This single-layer film was examined on the stretchability. The result is set 
forth in Table 3. 



Table 3 





Compar. Example 1 


Compar. Example 2 


Compar. Example 3 


Compar. Example 4 


Type of 4-methyIe- 
1 -pentene 
copolymer 


(1) 


(1) 


(3) 


(1) 


Type of resin to be 
laminated 


PP(b1) 


PP(b1) 


PP(b1) 




Presence of 
adhesive resin 


Absent 


Present 


Present 




Uniaxial stretching 
stretch ratio (times) 


0 


0 


0 


4 


Stretchability 
(number of films with 
breaks) 








4/5 


Reieasability 


The film completely 
sticks to the copper 
foil and is not 
released at all. 


The film completely 
sticks to the copper 
foil and is not 
released at all. 


Although the film Is 
partly released from 
the copper foil, 80% 

of the film sticks to 
the copper foil and is 
not released. 




Rigidity (M Pa) 


1200 


1200 


1400 


1400 



INDUSTRIAL APPLICABILITY 



[0154] The first and the second 4-methyl-1 -pentene copolymer multi-layer films according to the present invention 
have high rigidity and excellent reieasability from black oxidated copper foils and are suitable for MLB production. 
[0155] In the first process for producing a 4-methyl-1 -pentene copolymer multi-layer film according to the invention, 
a multi-layer laminate comprising a 4-methyl-1 -pentene copolymer and polyethylene or polypropylene is uniaxially 
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stretched in a specific stretch ratio. Hence, stretching unevenness and breaks hardly occur in the stretching operation, 
and the productivity is high. 

[01 56] In the second process for producing a 4-nnethyl-1 -pentene copolymer multi-layer film according to the inven- 
tion, a multi-layer laminate comprising a 4-methyl-1 -pentene copolymer and polyethylene or polypropylene is biaxially 
oriented In a specific stretch ratio. Hence, stretching unevenness and breaks hardly occur In the stretching operation, 
and the productivity Is high. 



Claims 

1 . A 4-methyl-1 -pentene copolymer multi-layer film which is a three-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin 
of 2 to 20 carbon atoms other than 4-methyl-1 -pentene, and 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), 
said layer (A) being provided on each surface of the layer (B), 

said multi-layer film being uniaxlally stretched In a stretch ratio of not less than 2 times. 

2. A 4-methyl-1 -pentene copolymer multi-layer film which is a five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin 
of 2 to 20 cartDon atoms other than 4-methyl-1 -pentene, 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), and 

(C) a layer comprising an adhesive resin (c), 

said layer (A) being provided on each surface of the layer (B) through the layer (C), 
said multi-layer film being uniaxlally stretched in a stretch ratio of not less than 2 times. 

3. The 4-methyl-1 -pentene copolymer multi-layer film as claimed In claim 1 or 2, wherein the 4-methyl-1 -pentene 
copolymer (a) contains recumng,unlts derived from 4-methyl-1 -pentene in amounts of not less than 93 % by weight. 

4. The 4-methyl-1 -pentene copolymer multi-layer film as claimed In claim 2, wherein the adhesive resin (c) comprises 
poly-4-methyl-1 -pentene (d) and poly-1 -butene (e), and the weight ratio (d:e) of the poly-4-methy 1-1 -pentene (d) 
to the poly-1 -butene (e) Is in the range of 95:5 to 50:50. 

5. The 4-methyl-1 -pentene copolymer multi-layer film as claimed In any one of claims 1 to 4, which has a tensile 
modulus of not less than 1500 MPa. 

6. The 4-methyl-1 -pentene copolymer multi-layer film as claimed in any one of claims 1 to 5, which is a release film. 

7. A 4-methyl-1 -pentene copolymer multi-layer film which is a three-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin 
of 2 to 20 cartoon atoms other than 4-methyl-1 -pentene, and 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), 
said layer (A) being provided on each surface of the layer (B), 

said multi-layer film being biaxially oriented In a stretch ratio of not less than 1 .5 times in each of the machine 
direction and the transverse direction. 

8. A 4-methyl-1 -pentene copolymer multi-layer film which Is a five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin 
of 2 to 20 carbon atoms other than 4-methyl-1 -pentene, 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), and 

(C) a layer comprising an adhesive resin (c), 

. said layer (A) being provided on each surface of the layer (B) through the layer (C), 
said multi-layer film being biaxially oriented in a stretch ratio of not less than 1 .5 times In each of the machine 
direction and the transverse direction. 
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9. The 4-methyl-1-pentene copolymer multi-layer film as claimed in claim 7 or 8, wherein the 4-methyl-1-pentene 
copolymer (a) contains recuning units derived from 4-methyl-1 -pentene in amounts of not less than 93 % by weight. 

1 0. The 4-methyl-1 -pentene copolynier multi-layer film as claimed in claim 8, wherein the adhesive resin (c) comprises 
5 poly-4-methyl-1 -pentene (d) and poly-1 -butene (e). and the weight ratio (d:e) of the poly-4H7iethyl-1 -penten (d) to 

the poly-1 -butene (e) is in the range of 95:5 to 50:50. 

11. The 4-methyl-1 -pentene copolymer multi-layer film as claimed in any one of claims 7 to 10, which has a tensile 
modulus of not less than 1500 MPa. 

10 

12. The 4-methyl-1 -pentene copolymer multi-layer film as claimed in any one of claims 7 to 11 , which is a release film. 

13. A process for producing a 4-methyl-1 -pentene copolymer multi-layer film, comprising uniaxially stretching a three- 
layer laminate In a stretch ratio of not less than 2 times, said three-layer laminate comprising: 

IS 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin 
of 2 to 20 carbon atoms other than 4-methyl-1 -pentene, and 

(B) a layer comprising polypropylene (b1) or polyethylene (b2), 
said layer (A) being provided on each surface of the layer (B). 

20 

14. A process for producing a 4-methyl-1 -pentene copolymer multi-layer film, comprising uniaxially stretching a five- 
layer laminate In a stretch ratio of not less than 2 times, said five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin 
2s of 2 to 20 cariDon atoms other than 4-methyl-1 -pentene, 

(B) a layer comprising polypropylene (bl) or polyethylene (b2), and 

(C) a layer comprising an adhesive resin (c), 

said layer (A) being provided on each surface of the layer (B) through the layer (C). 

30 15. A process for producing a 4-methyl-1 -pentene copolymer multi-layer film, comprising biaxially orienting a three- 
layer laminate in a stretch ratio of not less than 1.5 times in each of the machine direction and the transverse 
direction, said three-layer laminate comprising: 

(A) a layer comprising a 4-methy 1-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefin 
35 of 2 to 20 carbon atoms other than 4-methy 1-1 -pentene, and 

(B) a layer comprising polypropylene (bl) or polyethylene (b2), 
said layer (A) being provided on each surface of the layer (B). 

16. A process for producing a 4-methyl-1 -pentene copolymer multi-layer film, comprising biaxially orienting a five-layer 
<o laminate in a stretch ratio of not less than 1 .5 times in each of the machine direction and the transverse direction, 

said five-layer laminate comprising: 

(A) a layer comprising a 4-methyl-1 -pentene copolymer (a) obtained from 4-methyl-1 -pentene and an a-olefm 
of 2 to 20 carbon atoms other than 4-methyl-1 -pentene, 
' (B) a layer comprising polypropylene (bl ) or polyethylene (b2), and 

(C) a layer comprising an adhesive resin (c), 

said layer (A) being provided on each surface of the layer (B) through the layer (C). 



50 



55 
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